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(57) ABSTRACT 

A host sends each page of image data to a page printer in 
band units and the page printer writes the received each band 
data into a reception buffer in DRAM by DMA and transfers 
the band data from the reception buffer to an image forma- 
tion section made up of members. The host gets an available 
buffer capacity from the printer just before transmitting each 
band data, and transmits the band data only when the printer 
can receive the band data. In the printer, a CPU permits 
transfer DMA to be started after reception data as much as 
the data amount calculated based on the data reception speed 
and the transfer rate is stored in the buffer to prevent an 
underrun error from occurring. If an underrun error occurs, 
the CPU sets an error flag, and sends the error flag to the host 
just before the host starts transmitting each band data. When 
receiving the error flag, the host drops image resolution and 
resends the page data with the resolution dropped. 

23 Claims, 12 Drawing Sheets 
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PAGE PRINTER AND PAGE PRINT SYSTEM time at which the transfer section will complete transferring 

of all of one page of data from the buffer becomes later than 
the predicted point in time at which the reception section 
BACKGROUND OF THE INVENTION will complete writing of all of the page of data into the 

1. Field of the Invention 5 buffcr * 

This invention relates to a page printer used with a According to the page printer, the transfer start timing is 

computer system, etc., and in particular to control of the controlled so that write of received data into the buffer 

operation of storing image data in buffer memory, reading ^ s Precedes transfer of the data from the buffer in the 

the image data from the buffer memory, and transferring the in process of reception and transfer of one page of data, thus an 

image data to a print engine. 10 error 15 P^ented. 

The present application is based on Japanese Patent Preferably, j«* before reception of each page is started, 

Applications No. HeL 10-275074 and No. Hei. 11-97997, the predetermined amount P is determined so as to substan- 

which are incorporated herein by reference. ^ saUsf y the rclatlon 

2. Description of the Related Art is M*P>T(a-(xi y )) 

In a page printer, it is a general rule that the speed at which where x ^ predicted data reC eption speed from the host, y is 

image data is expanded into a bit map and written into buffer predicted data transfer spee d to the image output section, a 

memory differs from the speed at which image data is read ^ a predicled compression rate of data from the host, T is the 

from the buffer memory and is transferred to a pnnt engine. total number of daU pieces of 0De pagCj and M ^ me buffer 

Often, buffer memory has a small capacity and cannot store 20 s ^ 

one page of image data. Thus, particularly for a complicated Preferably, the predetermined amount P is determined by 

image of a large amount of data, image data expansion and ^ printer itsdf Preferably> me host determines the prede- 

write into the buffer memory is too late for the transfer termined amount P and specifies the amount for the printer, 

timing to the print engine and an error in which data to be WheQ the host determines me predetermined amount P, the 

read from the buffer memory runs out during printing the 25 predetermined ^ouat P is easy to set appropriately because 

page and the printing cannot be continued may occur (the generally the CPU of the host is high performance, 

error is referred to as an underrun error in the specification). Preferably, if the buffer has an available capacity reduced 

In contrast, image data expansion and write into the buffer to a predetermined minimum amount even before data as 

memory is too fast and the buffer memory becomes full, then much as tne predetermined amount P is stored in the buffer, 

an error in which the subsequent data cannot be written may 30 ^ spontaneously starts transferring the data in the 

occur (the error is referred to as an overrun error in the buffei> whereby if the predetermined amount P is not 

specification). appropriate, an event in which the buffer becomes full is 

To solve this problem, in a page printer in Japanese Patent avoided. 

No. 2663861, a match between the buffer memory write According to a second aspect of the invention, there is 

address and read address is detected, whereby error occur- 35 provided a page printer comprising memory containing a 

rence is detected and the host is informed of the error buffer, an image output section for forming an image based 

occurrence, then informs the user of the error occurrence so on da ta and outputting the image, a reception section for 

that the user can take proper steps. writing data received from a host into the buffer, a transfer 

However, the advantage of the related art described above section for transferring the data in the buffer to the image 
is only to inform the user of error occurrence when an error output section, and a control section for controlling the 
occurs for taking proper steps. For the user, it is ideal that no reception section and the transfer section. The control sec- 
error occurs and print always succeeds. It is more desirable tion permits the transfer section to transfer the data in the 
that if an error occurs, the system automatically takes proper buffer at a predetermined start timing. The start timing is set 
steps for handling the error. 45 variably in response to a parameter affecting an increase or 

decrease in the data in the buffer. For example, the param- 

SUMMARY OF THE INVENTION ctcrs affccting an increase or decrease in the data in the 

It is an object of the invention to prevent an overrun error buffer are predicted data reception speed from the host, 

from occurring. predicted data transfer speed to the image output section, a 

It is another object of the invention to prevent an underrun 50 predicted compression rate of data from the host, the total 

error from occurring number of data pieces of one page, the buffer size, etc. The 

It is still another object of the invention to automatically start timin g bc S6t , in ™ s P onse 10 at lcsst °° 6 of thc 

take proper steps and retry printing, thereby causing the P™<«*- Alternatively, the start timing can be set u, 

retried printing to succeed if an underrun error occurs. tes P Qns f t0 dferen. mformat.on substantially correspond. 

T c . . r iL • t u „ me to the predicted data reception speed from the host, for 

According to a first aspect of the invention, there is 55 & . K ■ *■ _* • a 

. , , & . „ r . . \ . . example, the communication port, communication mode, 

provided a page printer comprising memory containing a ^ commumcatioD P between the host and the 

buffer, an image output section for forming an image based 

on data and outputting the image, a reception section for pn ? ^' . nnna ■ . r n n - nto otort - 

. . . ? u * • * .t. u * t According to the page printer, appropriate start timing 

writing data received from a host into the buffer, a transfer , , ** , *• * r * I wi_ i_ *r j 

. & . , c i j * • t L i— cp 4 iL * such that no underrun error occurs and that the buffer does 
section for transferring the data in the buffer to the image 60 iL xl,,* • r L u * * 

, A . , & 4 t t , c . „. r not become full, for example, for each page can be set, for 

output section, and a control section for controlling the exam le for each a e 

reception section and the transfer section. The control sec- exampe, or ea P a S®; 

t . r r *• * * r *u j * • a. Preferably, the start tuning is applied when at least a part 

Uon permits the transfer section to transfer the data in the . , 4 - ~r « n <- r j * 

.a- ,- . i , • , 4 . , as much as a predetermined amount P, of one page or data 

buffer after at least a part as much as a predetermined r _ , . • . , . . „ , , < , 

. n p c a 4 c 4 l l a • * j • *l from the host is stored in the buffer, and the predetermined 

amount P, of one page of data from the host is stored m the 65 P is se, so as to substantially satisfy 

buffer. The predetermined amount P is equal to or less than J 
the size of the buffer and is set so that the predicted point in M*P>T(a-(xjy)) 
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where x is predicted data reception speed from the host, y is 
predicted data transfer speed to the image output section, a 
is a predicted compression rate of data from the host, T is the 
total number of data pieces of one page, and M is the buffer 
size. 

According to a third aspect of the invention, there is 
provided a page printer comprising memory containing a 
buffer; an image output section for forming an image based 
on data and outputting the image, a reception section for 
writing data received from a host into the buffer, a transfer 
section for transferring the data in the buffer to the image 
output section, an error detection section for detecting an 
undemin error caused by the fact that a read address of the 
transfer section from the buffer catches up with a write 
address of the reception section into the buffer, and an error 
notification section for notifying the host of occurrence of 
the underrun error. When the host is notified of underrun 
error occurrence from the page printer, it resends the data to 
the page printer under a condition where the underrun error 
is harder to occur. 

When the underrun error occurs, the data is automatically 
resent under a condition where the underrun error is harder 
to occur (the process is repeated stepwise depending on the 
situation), whereby retry printing can be made to succeed as 
the data is resent without causing an underrun error to occur. 
Although the print image quality is somewhat degraded by 
dropping the resolution, print can be reliably made to 
succeed without troubling the user. 

The condition where the underrun error is harder to occur 
is, for example, to delay the current transfer start timing of 
the data in the buffer by the transfer section or to make the 
current data resolution lower. Preferably, when an underrun 
error occurs, first the transfer start timing of the data in the 
buffer by the transfer section is set to a later timing and the 
data is resent. If an underrun error occurs still after the start 
timing is delayed, then the resolution is lowered and the data 
with the resolution lowered is resent. 

Preferably, when detecting an underrun error, the printer 
temporarily stores occurrence information of the underrun 
error in the memory without immediately notifying the host 
of the underrun error. Upon reception of a request from the 
host, the printer transmits the underrun error occurrence 
information to the host. The host requests the printer to send 
error information at printer's convenience, for example, 
each time the host attempts to transmit one-band data. This 
method enables host processing to be simplified as com- 
pared with the method wherein the host is informed of an 
underrun error immediately when the underrun error is 
detected. 

According to a fourth aspect of the invention, there is 
provided a page printer comprising memory containing a 
buffer, an image output section for forming an image based 
on data and outputting the image, a reception section for 
writing data received from a host into the buffer, a transfer 
section for transferring the data in the buffer to the image 
output section, and an available buffer capacity notification 
section for notifying the host of information concerning the 
available capacity of the buffer. The host transmits data of a 
size that can be received at the printer to the printer based on 
the notification from the page printer, whereby an overrun 
error is prevented. 

Preferably, the host sends data compressed in predeter- 
mined units, for example, band units or data not compressed 
to the printer and gets the available buffer capacity from the 
printer just before transmission of each band data is started. 
If the available buffer capacity is equal to or larger than the 
size of the band data, the host starts transmitting the band 



5,088 Bl 

4 

data; if the available buffer capacity is less than the size of 
the band data, the host waits until the available buffer 
capacity becomes equal to or larger than the size of the band 
data before the host starts transmitting the band data. 

5 Preferably, the page printer further has a function of 
detecting a printer error such as an underrun error and 
various types of printer status such as print success of each 
page. In this case, the printer once stores information of the 
detection result in the memory and transmits the information 

10 in the memory upon reception of a request from the host. 
Just before the host attempts to start transmitting each band 
data, it sends a request to the printer for getting the printer 
status. 

According to a fifth aspect of the invention, there is 

15 provided a page printer comprising memory containing a 
buffer, an image output section for forming an image based 
on data and outputting the image, a reception DMA section 
for receiving data in a reception data size unit from a host 
and writing the data into the buffer by DMA, a transfer DMA 

20 section for transferring the data in the buffer to the image 
output section in a transfer data unit by DMA, and a control 
section for controlling the reception DMA section and the 
transfer DMA section. Here, the reception data size unit is 
the same as the transfer data size unit, for example, one 

25 band. The control section checks whether or not an underrun 
error occurs based on the transfer DMA start address of the 
transfer DMA section and the current reception DMA 
address of the reception DMA section whenever the transfer 
DMA section attempts to start data transfer in the transfer 

30 data size unit. If the underrun error is detected, the control 
section notifies the host of occurrence of the underrun error. 

Thus, the presence or absence of an underrun error is 
detected at an appropriate timing not too frequent and the 
host can be notified of the underrun error if the error occurs, 

35 Preferably, when detecting an underrun error, the printer 
once stores information concerning the underrun error in the 
memory and sends the information to the host upon recep- 
tion of a request from the host. Just before the host attempts 
to start transmitting data in each reception data size unit, for 

40 example, each band, it sends a request to the printer for 
getting the error information. 

The host of the invention typically is a computer and a 
computer program for use with the host (computer), for 
example, a printer driver program can be installed in or 

45 loaded into the computer through various media such as 
disk-type storage, semiconductor memory, and a communi- 
cation network. 

Features and advantages of the invention will be evident 
from the following detailed description of the preferred 

50 embodiments described in conjunction with the attached 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the accompanying drawings: 
55 FIG. 1 is a block diagram to show the configuration of a 
first embodiment of the invention; 

FIG. 2 is a flowchart of control performed by a host 1 for 
each page when the host 1 sends image data to a printer 3; 
gQ FIG. 3 is a flowchart of control of a printer CPU 23 when 
the printer 3 receives data from the host 1; 

FIG. 4 is a flowchart of control of one-band data recep- 
tion; 

FIG. 5 is a flowchart of control of video transfer; FIG. 6 
65 is a memory map of DRAM 21; 

FIGS. 7A and 7B are drawings to show two states of a 
reception buffer 43; 
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FIG. 8 is diagram to show the configuration of a circuit (or If the image data from the host 1 is compressed, the data 

software) used for calculating an available buffer capacity; decompression circuit 15 decompresses the compressed 

FIG. 9 is a flowchart of control performed by a host 1 for image data to the original data and then passes the data to the 

each page when the host 1 sends image data to a printer 3 in video controller 17 at the following stage. If the image data 

a second embodiment of the invention; * from toe host 1 is not compressed, the data decompression 

FIG. 10 is a flowchart of error handling of the host in the circuit 15 passes the data to the video controller 17 as it is. 

second embodiment of the invention; ™ c v,dco Roller 17 controls the ^ timing of image data 

FIG. 11 is a flowchart of control of a printer CPU 23 when fransfer 10 P mt "W* 27 ' callcd ^ tnmsfcr " 

the printer 3 receives data from the host 1 in the second ^ postprocessing circuit 19 applies postprocessing of 

embodiment of the invention; and 10 resolution conversion for matching the resolution of image 

FIG. 12 is a flowchart of control of video transfer in the data of * c P rint f n S me , 27 ' smoothing for 

second embodiment of the invention, smoothing edges of characters, etc., gradation control for 

adjusting a gradation value considering a gamma 

DETAILED DESCRIPTION OF THE characteristic, etc., and the like to the image data and sends 

PREFERRED EMBODIMENTS 15 the resultant data to the print engine 27. For example, when 

FIG. 1 shows the configuration of a first embodiment of * e P™ 1 f engm ? 2 7 ^ ° f 6 °P dpi ' tf lhe dala 

the invention received from the host is 300 dpi, the resolution conversion 

_„_.-, , — , , ,_, . . function is to convert the resolution 300 dpi into the same 

f^^Si^^^^^^^^^V^^ resolution of the print engine 27, 600 dpi. As described later, 
^^i^.im^Ux^e^^^^p,^-«-^ lB for exampl e ( if th e host 1 first sends image data with 600 dpi 
c l-from- totasM^-pnn tog-tte-data : jaeHmhtex:3:i S r3 ^ m undermn erfor Qccurs and me ^ resul[s in , failure> 
C^nnccleaao- the^^ ta me resolution conversion f^ckm makes it possible to 

CP^elCimerfece or-a-ner^-such-as-a-I^-^calrarca^ . me resohuion of me image data from me host x to 30 0 
t netwo rk ) so mat-m e pnnter-3 cancommumcatewim mc'nost:^ j_: an( j retrv nrintine 

' rbidi iectionaltv, liiat-is,-the-printer^rcan:recerve-image, « *L. , . . — t~. -3 — , ■ 

data-c^anaedrimmiCn^ ^Xro-23-sendVpnnter.nfo^^ 

tranirmtvarious^^ 

^aiiable:buffer;ca P a^^ ^m^c-miA^^y^th^^vo^^n^D 
^ffiorfntotomiibVute A reception buffeTfor storing .a^ue^>m|£to^^ 
the image data received from the host 1 is provided with a 30 i<rot; S miis.of.toe.prmto L ^^ 
fixed or variable capacity in DRAM (dynamic random Uffi^toJ^chjapn^ 

access memory) 21 in the printer 3. The reception buffer has c^oc^^ ^.p^^^-orj^^^m^y 
a capacity smaller than the size of one page of image data. 

A work area of a CPU (central processing unit) 23 described P_RAM : 21-dunng-the-pnntingrand I sends to staMJothej 
later is also provided in the DRAM 21 and status informa- 3S b^I^JS^^^ As a function 

tion to be sent to the host 1 is stored in the work area. particularly related directly to the invention among he 

_ . .. .„-i u-r functions, the CPU 23 calculates an available capacity of the 

The printer 3 has a print engine 27 of a mechanism for Qn ^ ^ ^ DRAM 2J based oQ ^ write addfess 

executing an electrophotographic process and a series of DMA controUer 13 into the DRAM 21 (reception 

processing circuits foe receiving image data from the host 1 DMA address) ^ ^ fead M[tss (lransfer addfess) 

applies necessary processing lo the received image and « ^ records me available 

capacity in the work area in the 

passes the resultant data to the print engme 27, namely, an dram 21, then sends the available reception buffer capac- 

mterface circuit 11, a DMA (dynamic memory access) tQ ^ hos( j k x ^ a , froffl me hQSt j 

controller 13, a data decompression circuit 15, a video \ T , • 

controller 17, and a postprocessing circuit 19. The process- Next, the operation in the described configuration is as 

ing circuits U, 13, 15, 17, and 19 are formed of dedicated 4 5 follows: 

hardware logic circuitry. Further, the printer 3 has a micro- FIG. 2 shows a flow of control performed by the host 1 for 

computer consisting of the above-mentioned CPU 23, ROM each page when the host 1 sends image data to the printer 3. 

(read-only memory) 25 storing a prog ram and fixed data , the EiTStr.the;host^ e 

above-described DRAM, etc., foT_Meqpreting^a-reqiiest7 isH^first:pagc-or-the-sccond oriater page-at-ste^~l73f:the^ 
^received~from~me-host~l7detect^ andii^agjn^ 

theprinter stahisfiThe funcdons of the components are as su^as^orofflumcatiop:mode;(commu rii^tion-m od e-estab--- . 

follows^ ' lishej^betwcen-meiprm 

^ThTjnterf ace:circu^ Compatibility or ECP if parallel communication is executed) 

ccommimication^ th-the-host-1,.^ and DRAM size (if the printer information is not ready, 

^and-image-daU-fromTth^ information indicating "preparation") at step S2, and grasps 

(fflormatfc^tc^t^^^^ the limitations on the printer 3 based on the gotten infor- 

mterface circ^cm mation. For the sec ond or later p age, pri nter information is 

23interpj5!^e~r^ not gotten. fa:a^aition -to-th'e firsl page^the host^ats^getS) 

^uestTThe DMA controller 13 executes DMA for writing cprinter information after : a^pr mrerror'o ccurs-at step"S6rand^ 

and reading image data into and from the reception buffer in 60 c^cte-whejtecor^^ - 

the DRAM 21. The input and output paths of image data to error.- - 

and from the DRAM 21 by DMA are two channels of Upon^reception ofpriptcr-mfonnado n-from-me pjinjer3 , 

reception DMA 31 and transfer DMA 33. The image data CtherhostZlrrirtrnfu^ 

from the host 1 is written into the DRAM 21 through the cv afid or mvalid rn^ely ris-valid printer-infbrmation indij j 

reception DMA 31. The image data is transferred from the 65 -eating" th e com nmnication Tmode r roe~DI<L&M size~^e tc^jfltt 7 

DRAM 21 to the data decompression circuit 15 through the invalidjjrinteronTormation-ra 

transfer DMA 33. ^If the^prinjerm^ 
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<re ads-printe r inform alio a repeatcdLy_untiLreceptioa^of_yalid.^_jrherefore > when the printer 3 has an available buffer capac- 
printer— inform ation. > The" possibl e re ason jwhy^the^pimte'iL^^ it y of at least one band, it receives data of one -band size at 

(Ti m^OTinanon becomes preparation ( invalid) is that-me-printer: the most (one band in compression ON; less than one band 

^3ris.bein^im^aliz^-ol^bcing recovered:from an error. ^ in compression OFF), whereby an overrun error is avoided 

When the host 1 gets valid printer mfonnaUoVn^eler^ 5 ' as described above, 

mines the image data transmission mode of resolution, etc., nG - 3 shows an operation flow of the printer 3 when the 

based on the communication mode and DRAM size of the printer 3 receives data from the host 1. 

printer 3. Next, the host 1 transmits host information con- First > tf the host 1 makcs a request to send printer 

cerning the image data to be printed, such as image data information (YES at step SI), the CPU 23 of the printer 3 

resolution and the total number of bands, to the printer 3 at 10 transmits printer information of the communication mode, 

step S4. Upon reception of the host information, the printer DRAM size, etc., to the host 1 at step S13. If the printer 

3 performs register setting and page setting of buffer clear, information is not ready (NO at step S12), the CPU 23 of the 

etc., based on the host information. printer 3 informs the host 1 that the printer is in preparation 

^«tHbe-bos^^ (specifically the printer is being mitialized or is being 

' — — f f i r 4 . r--Yr-r £ ce After transmitting the printer information to the host 1, the 

t success or-f ailurefor eacn-pager fronv the pnntcr-3 at-step £>5^ „ TT „ . . . - r . 

~ _ j |~ — 5 c~X rfr • T~^» — * u a CPU 23 of the printer 3 receives host information concern- 

and checks.whetheror-notthe-pnnter3 can-receive one bandD . v g . . , M , . , . A , . 

jSm tMi^bi^^^^^n^:^ n ™ ber of bands ) fr° m ,he ( host 1 f nd P^.™ 5 

^£^rt^£ta^riirfft^^ 20 s f ttm 8 concerning dafc recepUon and page setting of buffer 

y7\~T ~fA\ i—c-*~Z clear, etc., based on the received host information at step 

(l):to:(4)-are-satisned:r^> 

Qjgtorp^^^ Subsequently, a process to receive one band of image data 

c T^ r the : pnnt ei^^7-can-fccg^ter^^ from ^ host x ^ entered at st S16 HG 4 shows a control 

C impossible-state r such-as-no-paper, paper-jam^over-^ flow of ^ Qne _ band data tioa 

^openr^r^gmj^^^ M shown iQ ^ 4 when fl ptmter status request comes 

^^mvn^^l^^^miy from th e host 1 (YES at step S21), the CPU 23 sends the 

(2>Page^tmg^f- printer"3-is com plete.~ current printer status to ^ host 1 at steps S22, S23, and S24. 

(3jFThe^r^ Specifically, if a print error occurs at present, the CPU 23 

^ba^djorhTore. 30 sends the error status of the print error type, etc., to the host 

(4y No-error occur sr— 1 at step S23 and returns to step S 11 in FIG. 3. If no error 

rjjig' prjnterl3lsetsJX print success/failu re-fla g- ea ch-ti me occurs, the CPU 23 sends status information, such as avail- 

printof ojejpage~is completer The hostijrs ees'the print- able buffer capacity, engine state, end of page setting, and 

f success/failure flag contained^irPthefE^teCstatiisrgotten page print success or failure, to the host 1 at step S24. The 

from"me;pn5ter 3.at step S6. If the flag indicates "success/' 35 available buffer capacity is calculated from the transfer 

the host 1 deletes the page of the image data from the host DAM address and the reception DMA address of the DMA 

l;,tf:me;flag indicates.^ controller 13 as described above. The host 1 determines 

andTetransmitsiti^image^d^ whether or not the printer 3 can receive one band of data 

retransmiUhe]^ based on the status information and if the host 1 determines 

undemm:ejTqr,~the;hos 40 that the printer 1 can receive one band of data, it sends band 

imo7alower_valueXforexa^ information of compression ON/OFF, band compression 

stepj^an^^retransmits the image data. Since the data size size, etc., followed by the band of image data to the printer, 

is lessened by dropping the resolution, an underrun error as described above. 

becomes hard to occur when the image data is retransmitted The CPU 23 of the printer 3 sets parameters concerning 

as described later in detail. 45 reception DMA of the DMA controller 13, such as the start 

The host 1 transmits one band of image data at step S9 point of the reception DMA address and the number of bytes 

only if it determines that the printer 3 can receive one band of band data, based on the band information of compression 

of image data at step SS, whereby an overrun error is ON/OFF, band compression size, etc., at step S26 and 

avoided. Before transmitting band image data, the host 1 permits the DMA controller 13 to receive data at step S27. 

determines whether or not the band data is reduced in size 50 Then, the DMA controller 13 receives one band of image 

if the band data is compressed. If the band data is reduced data on the path of the reception DMA 31 from the host 1 

in size, the host compresses the data; if the band data is not and writes the data into the reception buffer in the DRAM 

reduced in size, the host does not compress the data. Before 21. If band information does not come from the host 1 (NO 

transmitting band image data, the host 1 informs the printer at step S25), control returns to step S21. 

3 whether or not the band data is compressed data 55 The DMA controller 13, which starts data reception, 

(compression ON/OFF) and of the compressed band data receives the image data as much as the number of bytes set 

size (compression ON) or the original band data size at step S26, namely, one band of image data. Upon comple- 

(compression OFF). The printer 3 stores the band image data tion of receiving the data, the DMA controller 13 informs the 

in the reception buffer in the DRAM 21 and starts video CPU 23 of the fact, and control of the CPU 23 goes to step 

transfer upon completion of storing a predetermined number 60 S17 shown in FIG. 3. 

of bands of data. The CPU 23 checks whether or not image data as much 

Next, the host 1 checks whether or not all one page of as a predetermined number of bands is stored in the recep- 

band data has been transmitted at step S10. If not all one tion buffer in the DRAM 21 at step S17. If data as much as 

page has yet transmitted, the host 1 returns to step S5. Thus, the predetermined number of bands is not stored, the CPU 

the host 1 transmits image data to the printer 3 in band units 65 23 again returns to step SI 6 and repeats reception of 

and checks the printer status each time before transmission subsequent band data. If data as much as the predetermined 

to see if the printer 3 can receive one band of data. number of bands is stored, the CPU 23 permits the DMA 



09/01/2004, EAST Version: 1.4.1 



US 6,665,088 Bl 

9 10 

controller 13 to execute video transfer at step S18. Then, The CPU 23 checks whether or not video transfer is 

video transfer is started. That is, the DMA controller 13 executable (namely, image data is already received as much 

starts the operation of reading image data from the DRAM as the predetermined number of bands or more) at step S31. 

21 and transferring the read data to the data decompression If image data is already received, the CPU 23 performs 

circuit 15 and the data decompression circuit 15, the video 5 register setting concerning video transfer based on the host 

controller 17, and the postprocessing circuit 19 also start information concerning the image data, such as resolution 

their respective processing, then the print engine 27 starts ^ total numbcr of at step S32. Next, die CPU 

printing. Still after the video transfer is started, data recep- 23 sets parameters concermng transfer DMA of the DMA 

uon in band units from the host 1 is continued likewise at ™*>]kT 13, such as the start Point of the transfer DMA 

nm / j * >i t_ • i-t/^ a\ ti i address and the number of bytes of band data, and param- 

step S19 (detaikareas shown in FIG. 4) Upon completion 10 eleKof the daU 6tGampns J n circuil 15 , such as expansion 

of one page of data (YES at step S20), control returns to step QN, OFF, etc., based on the band information of the com- 

Sll and data reception of the next page is started in a similar pression:band size , etc. When setting the start point of the 

sequence. . transfer DMA address the CPU 23 compares the start point 

The "predetermined number of bands" determined at step of ^ c rcccp tion DMA address of the current DMA being 

S17 is determined by the CPU 23 based on the following 15 executed (or to be started) with the start point of the transfer 

principle for the purpose of preventing an underrun error: DMA address to be set at step S33. If both match, the CPU 

Let the data reception speed from the host 1 be x [bytes/ 23 determines that an underrun error occurs, and sets an 

sec], the video transfer speed be y [bytes/sec], data com- underrun error flag in the work area in the DRAM 21 at step 

pression ratio be a, the total number of data pieces of one S34. The host 1 is informed of the underrun error by reading 

page be T [bytes], the reception buffer size be M [bytes], and 20 the printer status before transmission of each band as 

the size of data stored in the reception buffer at the time at described above (step S5 in FIG. 2). At the instant at which 

which video transfer is started be P [bytes]. Normally, the the host 1 reads the printer status, the underrun error flag is 

video transfer speed y is higher than the data reception speed reset. As described above, if the host 1 detects an underrun 

x and if the transfer DMA address of the high-speed video error, it drops the resolution of the error occurring image 

transfer catches up with the reception DMA address of the 25 data and retransmits the data starting at the first band, then 

low-speed data reception, an underrun error occurs. also transmits the subsequent bands of image data with the 

However, if Pis set to as satisfy resolution dropped. 

If an underrun error does not occur, the CPU 23 or the 

p ^ M ^ printer 3 permits the DMA controller 13 to execute one-band 

transfer DMA at step S35. Whenever one-band transfer 

(axr-fyx<T/y (2) 30 DMA terminates, the DMA controller 13 informs the CPU 

- - , , . , # . , tU t , 23 of the fact. Then, the CPU 23 returns to step S33. 

reception of one page of data is complete before the transfer 0ne _ bsmd transfer DM Asetting and one-band transfer DMA 

DMA address of the video transfer catches up with the execution are mus repeated until one . page transfer is com . 

reception DMA address of the data reception, thus an plete Upon coition of transferring one page (YES at 

underrun error does not occur. From expressions (1) and (2), 35 step S36), the CPU 23 sets a print success flag in the work 

M^P>T(a-x/y) (3) area * n DRAM 21 at step S37. When the host 1 reads the 

printer status, it is informed of the print success flag. At the 

is derived. If P is set so as to satisfy this expression (3), an instant at which the host 1 reads the printer status, the print 

underrun error does not occur. In the embodiment, the success flag is reset. As described above, if the host 1 

predetermined number of bands rather than bytes is adopted, 40 receives the print success flag, it deletes the page of the 

thus the minimum P [bytes] satisfying expression (3) is image data. 

divided by the compression band size [bytes] and one is Upon completion of the one-page video transfer, control 

added to the quotient of the division, then the result may be returns to step S31 and video transfer of the next page is 

set as the "predetermined number of bands/* started in a similar sequence. If the image data compression 

At the instant at which data as much as the "predeter- 45 rate is high or the reception buffer size is sufficiently large, 

mined number of bands" has been stored in the reception more than one page of image data is stored in the reception 

buffer, the video transfer is started, whereby an underrun buffer 43 and is printed successively at the maximum 

error can be avoided. In addition, starting of the video throughput of the print engine 27. 

transfer is delayed only necessary minimum, thus the print FIG. 6 shows the structure of the DRAM 21. 

speed is also high. 50 As previously described, the work area 41 and the recep- 

If the "predetermined number of bands" is determined at lion buffer 43 are provided in the DRAM 21. The work area 

the beginning of a page, there appears a possibility that an 41 is used as heap memory and stack memory. In the 

underrun error will occifr if the compression rate a lowers example shown in the figure, of all area of the DRAM 21, 

or the data reception speed from the host 1 lowers. In this the area of buffer top address BUFTOP to buffer end address 

case, it is necessary to set the buffer size M larger or drop the 55 BUFBTM provides the reception buffer 43. In reception 

image resolution to lessen the total data size of one page T DMA, address point (reception DMA address) RAD is 

Particularly, the resolution conversion effect is large; for advanced in the direction from the buffer top address BUF- 

example, if the resolution is dropped from 600 dpi to 300 TOP to the buffer end address BUFBTM and when the 

dpi, the data size becomes a quarter. Therefore, when data is address point RAD reaches the buffer end address 

retransmitted after an underrun error once occurs, execution 60 BUFBTM, it returns to the buffer top address BUFTOP. 

of resolution conversion (at step S7 in FIG. 2) produces a Likewise, also in transfer DMA, address point (transfer 

large effect of preventing an underrun error from again DMA address) TAD is advanced in the direction from the 

occurring. Although the print image quality somewhat wors- buffer top address BUFTOP to the buffer end address 

ens by executing resolution conversion, it is more preferred BUFBTM and when the address point TAD reaches the 

for the user than the case where print is impossible. 65 buffer end address BUFBTM, it returns to the buffer top 

FIG. 5 shows a flow of control performed by the CPU 23 address BUFTOP. Thus, the reception buffer 43 is used as a 

for video transfer (S18). ring buffer. 
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The example shown in the figure shows a state in which available apadty-TSUBTP+BTSUBR 

B page of data 53 is being stored in the reception buffer 43 A _„ (( nAr . . ^x,. 

j . , r A r j • ei T* 4 i tj When "reception DMA address RAD<transfer DMA 

and video transfer of Apage of data 51 preceding the B page address TA£) » lh cpu 23 ab 

is about to start. Each page of data 51, 53 contains the host ' 

information concerning each page image, such as resolution 5 available capacity-7St/flK 

and the total number of bands, information on each band, 

such as compression ON, OFF and compression band size, Next, a second embodiment of the invention will be 

each band of image data, and the like. discussed 

In the embodiment, as described above, to prevent an The general configuration of the embodiment is similar to 

overrun error from occurring, the host 1 transmits data in 10 mal shown in FIG. 1. In the second embodiment, a host 1 

band units and the printer 3 calculates the available capacity determines the video transfer start timing and sends the 

of the reception buffer 43 each time before transmission of determined start timing to a printer 3. Generally, the host 1 

the data and informs the host 1 of the available capacity. The has a high CPU processing capability as compared with the 

host 1 executes transmission only if the available capacity is printer 3, thus if the host 1 determines the start timing, the 

one band or more. A method of calculating the available is start timing can be set more accurately than mat ff the printer 

capacity is as follows: 3 determines the start timing. When the available capacity of 

FIGS. 7A and 7B show two states of the reception buffer a reception buffer is reduced to a predetermined amount (for 

43. That is, FIG. 7A shows the state of "reception DMA example, one band) before the specified start timing comes 

address RAD>transfer DMA address TAD and FIG. 7B from the host 1, the printer 3 starts video transfer sponta- 

shows the state of "reception DMA address RAD<transfer 20 neously at the point in time, thereby avoiding a situation in 

DMA address TAD," Reception data is stored in the hatched which reception buffer becomes full and the printer 3 is 

areas and the areas described as "available" is available stalled before the specified start timing comes from the host 

areas 1. If the video transfer is started earlier than the specified 

When "reception DMA address RAD>transfer DMA start timing from the host 1, actually printing can be 

address TAD" shown in FIG. 7 A, 25 executed in some cases, thus error occurrence can be mini- 
mized. When the video transfer start timing specified by the 

available ^^^AD-BUFTO^UFBTM-RAD) host X {s eadier man rece ptiD n completion of One 

and when "reception DMA address RAD<transfer DMA P a g e of data > # ^ underrun error occurs, the host 1 first 

address TAD" shown in FIG. 7B, changes the start timing to the timing following reception 

30 completion of one page of data and sends the new timing to 

available capaciiy-zaiMeAi) me prmtcr 3 then rcse nds the data. If an underrun error 

FIG. 8 shows a circuit (or a software processing flow) a e ain occurs, then the host 1 resends the data with the 

used for calculating the available capacity. resolution dropped (for example, from 600 dpi to 300 dpi) 

In FIG. 8, TADST denotes the start point of the transfer t0 thc printer 3. The reception buffer of the printer 3 need not 
DMA address and RADST denotes the start point of the 35 have a capability of storing one page of the original high- 
reception DMA address; as previously described, TADST resolution data, but has a capacity capable of storing one 
and RADST are set by the CPU 23 when transfer DMA of P a S e of toe data with the resolution dropped, 
each band and reception DMA of each band are started. FIG- 9 is a flowchart of control performed by the host 1 
TADCNT denotes a counter indicating the address of the for cach P a S c whcn ^e host 1 sends image data to the printer 
reception buffer to execute transfer DMA and RADCNT 40 3 in the second embodiment. 

denotes a counter indicating the address of the reception Hcre > onl y differences from the control flow of the host in 

buffer to execute reception DMA. ^e first embodiment previously described with reference to 

While transfer DMA of each band is executed, a transfer FIG- 2 will be discussed; parts not described are the same as 

DMA address counter 61 uses the transfer DMA start thosc in trie flow in FIG. 2. 

address TADST as the initial value of the output value and 45 The host 1 transmits host information (namely, informa- 

advances the output value one by one so as to circulate from ^on concerning image data) to the printer 3 at step S43, The 

the reception buffer top address BUFTOP to the reception host information contains the video transfer start timing 

buffer end address BUFBTM like a ring. The output value of (what' th band) in addition to the resolution of the image data 

the transfer DMA address counter 61 is the transfer DMA (30° or 600 dpi) and the total number of bands of the image 

address TAD. 50 data. The host 1 determines the start timing so as to satisfy 

Likewise, while reception DMA of each band is executed, expression (3) previously described in the first embodiment, 

a reception DMA address counter 63 uses the reception namely, the condition 

DMA start address RADST as the initial value of the output M^P>T(a-xfy) (3) 
value and advances the output value one by one so as to 

circulate from the reception buffer top address BUFTOP to 55 where x is the data reception speed from the host 1 [bytes/ 

the reception buffer end address BUFBTM like a ring. The sec], y is the video transfer speed [bytes/sec], a is data 

output value of the reception DMA address counter 63 is the compression ratio, T is the total number of data bytes of one 

reception DMA address RAD. page [bytes], M is the reception buffer size [bytes], and P is 

A comparator 65 compares the transfer DMA address the size of data stored in the reception buffer at the time at 

TAD with the reception DMA address RAD and sets an 60 which video transfer is started [bytes]. The data reception 

address comparison flag ADCMPR indicating TAD or RAD, speed x varies with the type of image data transmission port 

whichever is the greater. Subtractors 67, 69, and 71 calculate (parallel, USB, Ethernet, etc.,) or the communication mode 

"TAD-BUFTOP=TSUBTP," "TAD -RAD=TSUBR," and of the port (if parallel is applied, Compatibility, ECP, etc.,). 

"BUFBTM -RAD oBTSUBR" respectively. Thus, when detennining the start timing, the host 1 changes 

The CPU 23 sees the address comparison flag ADCMPR. 65 the start timing in response to the port type or the commu- 

When "reception DMA address RAD>transfer DMA nication mode. For example, if the reception speed x is high 

address TAD," the CPU 23 sets as in parallel ECP, early start timing is set; if the reception 
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speed x is not stable as in network communication, late start buffer from the host 1, the printer 3 checks whether or not 

timing is set (for example, so as to start video transfer after as many bands as the number of bands as the start timing 

reception of all of one page of data). The printer 3 previously specified from the host 1 has been received and whether or 

sends the communication mode established between the host not the available capacity of the reception buffer becomes 

1 and the printer 3 as printer information to the host 1 as 5 less than one band at step S67. If reception of as many bands 

required at step S42 (for example, if the printer 3 does not as the specified number of bands is complete, the printer 3 

inform the host 1 of parallel communication mode can start video transfer at step S68. If the number of bands 

(Compatibility or ECP), the host 1 is not informed, thus the specified from the host 1 is the total number of bands of one 

printer 3 informs the host 1 of the parallel communication page, namely, the printer 3 is instructed to "start video 

mode). 10 transfer after reception completion of all of one page of 

The printer 3 performs register setting and page setting of data," the printer 3 returns to step S61 immediately after 

buffer clear, etc., based on the host information sent from the video transfer is started at step S71, and enters the data 

host 1 at step S44. At the time, the start timing contained in reception operation of the next page, 

the host information is also stored in a register in the printer If there is a situation in which the data compression rate 

3. After this, the printer 3 stores each page of data sent from 15 is poor unexpectedly or the original data is fairly larger than 

the host 1, and starts video transfer as a rule if the start the reception buffer size, the available capacity of the 

timing specified from the host 1 for each page is reached reception buffer may becomes less than one band before as 

(namely, upon reception of the number of bands as the start many bands as the number of bands specified from the host 

timing specified from the host 1). 1 is received. In this case, at the instant at which the 

The printer 3 sets a print success/failure flag each time 20 available capacity of the reception buffer may becomes less 

print of one page is complete. The host 1 sees the print than one band, the printer 3 starts video transfer. In this case, 

success/failure flag contained in the printer status gotten the probability that an underrun error may occur becomes 

from the printer 3 at step S46. If the flag indicates "success," high, but normal printing can be executed to no small extent 

the host 1 deletes the page of the image data from the host because the start timing specified by the host 1 contains a 

1; if the flag indicates "failure," the host 1 goes to error 25 sufficiently large margin, etc. 

handling at step S47 and retransmits the image data starting FIG. 12 shows a flow of control of video transfer per- 

at the failing page. formed by the printer 3. 

FIG. 10 shows a flow of the error handling. Here, only differences from the video transfer flow in the 

First, the error contents are checked at step S51. If the first embodiment previously described with reference to 

error cause is a paper jam, simply the data is retransmitted 30 FIG. 5 will be discussed; parts not described are the same as 

starting at the failing page. On the other hand, if the error those in the flow in FIG. 5. 

cause is an underrun error, then the video transfer start First, whether or not video transfer is executable is 

timing specified for the printer 3 at the error occurrence time checked based on whether or not as many bands as the 

is checked at step S52. If a premature start (namely, start of number of bands specified from the host 1 or more bands 

video transfer before reception completion of all of one page 35 have been received at step S71. If as many bands as the 

of data) is specified, the start timing is changed to "start of specified number of bands or more bands have been 

video transfer after reception completion of all of one page received, one-band video transfer is executed in a sequence 

of data" at step S53, the post-changed start timing is again similar to that in the flow in FIG. 5 at steps S72 to SIS. The 

specified for the printer 3 at step S44 in FIG. 9, and the data printer engine state is checked at step SI 6. If a paper jam 

is retransmitted starting at the failing page at step S49 in 40 occurs, a paper jam flag is set at step S77. If the host 1 

FIG. 9. If the printer is already instructed to "start video detects a paper jam error, it resends the data without chang- 

transfer after reception completion of all of one page of ing the parameter as shown in FIG. 10, 

data" at the error occurrence time, the resolution is dropped While the preferred embodiments of the invention have 

(for example, from 600 dpi to 500 dpi), the failing page of been described, such description is for illustrative purposes 

data is again prepared from the beginning at step S53, the 45 only, and it is to be understood that the invention is not 

printer 3 is informed of the dropped resolution at step S44 limited to the embodiments thereof. Therefore, many appar- 

in FIG. 9, and as the failing page, the data with the resolution ently widely different embodiments of the invention may be 

dropped is retransmitted at step S49 in FIG. 9. The data made without departing from the spirit and scope thereof, 

retransmission may be automatically executed by the host 1. What is claimed is: 

Alternatively, the user may be informed of error occurrence 50 1. A page printer comprising: 

and be requested to specify whether or not the data is to be a memory containing a buffer; 

resent and specify whether or not the resolution is to be m image output scction f or forming an image based on 

dropped if the data is to be resent. dala ^ 0Ut p U uing the image; 

FIG 11 shows an operation flow of die printed when the a Qn for ^ ^ data receiyed ^ a 
printer 3 receives data from the host 1. 55 host into the buffer- 
Here, only differences from the control flow of the printer _ n «. 
in the first embodiment previously described with reference a sccUon for transfemng the data in the buffer to 
to FIG. 3 will be discussed; parts not described are the same said 01lt P ut scctlOD ' ^ 
as those in the flow in FIG. 3. a corj trol section for controlling said reception section and 

At step S65, the printer 3 receives host information eo ^ transfer section, 

(resolution, and the total number of bands, video transfer wherein said control section permits said transfer section 

timing, etc.,) from the host 1 and performs register setting to transfer the data in the buffer after at least a part as 

concerning data reception and page setting of buffer clear, much as a predetermined amount P of one page of the 

etc., based on the received host information. data from the host is stored in the buffer, and 

Subsequently, the printer 3 enters a process for receiving 65 wherein the predetermined amount P is equal to or less 

one band of image data from the host 1 on a flow as shown than a buffer size, and is set before said transfer section 

in FIG. 4 at step S66. While receiving data in the reception is permitted to transfer the data so that a predicted point 
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in lime at which said transfer section will complete 
transferring of all of one page of the data from the 
buffer becomes later than a predicted point in time at 
which said reception section will complete writing of 
all of the page of the data into the buffer 
2. A page printer according to claim 1, wherein the 
predetermined amount P substantially satisfies: 



10 



15 



25 



30 



35 



where x is a predicted data reception speed from the host, y 
is a predicted data transfer speed to said image output 
section, a is a predicted compression rate of the data from 
the host, T is a total number of data pieces of one page, and 
M is the buffer size, 

3. A page printer according to any one of claims 1 and 2, 
wherein the predetermined amount P is set by one of said 
control section and the host. 

4. A page printer according to claim 1, wherein if the 
buffer has an available capacity reduced to a predetermined 20 
minimum amount even before data as much as the prede- 
termined amount P is stored in the buffer, said control 
section permits said transfer section to transfer the data in 
the buffer. 

5. A page printer comprising: 
a memory containing a buffer; 

an image output section for forming an image based on 

data and outputting the image; 
a reception section for writing data received from a host 

into the buffer; 
a transfer section for transferring the data in the buffer to 

said image output section; and 
a control section for controlling said reception section and 

said transfer section, 
wherein said control section permits said transfer section 

to transfer the data in the buffer at a predetermined start 

timing and the start timing is set variably in response to 

a parameter affecting an increase or decrease in the data 

in the buffer. 

6. A page printer according to claim 5, wherein the start 
timing is set variably in response to at least one of param- 
eters of a predicted data reception speed from the host, a 
predicted data transfer speed to said image output section, a 
predicted compression rate of data from the host, a total 
number of data pieces of one page, and the buffer size. 

7. A page printer according to claim 5, wherein the start 
timing is applied when at least a part as much as a prede- 
termined amount P of one page of data from the host is 
stored in the buffer, and wherein the predetermined amount 50 
P is set so as to substantially satisfy: 

A^P>7Xa-(x/y)) 

where x is a predicted data reception speed from the host, y 5S 
is a predicted data transfer speed to said image output 
section, a is a predicted compression rate of data from the 
host, T is a total number of data pieces of one page, and M 
is the buffer size. 

8. A page printer according to claim 5, wherein if the go 
buffer has an available capacity reduced to a predetermined 
minimum amount even before the start timing comes, said 
control section permits said transfer section to transfer the 
data in the buffer. 

9. A page printer according to any one of claims 5 to 8, 65 
wherein the start timing is set by one of said control section 
and the bost. 



45 



10. A page printer comprising: 
a memory containing a buffer; 

an image output section for forming an image based on 
data and outputting the image; 

a reception section for writing data received from a host 
into the buffer; 

a transfer section for transferring the data in the buffer to 
said image output section; 

an error detection section for detecting an underrun error 
caused by a fact that a read address of said transfer 
section from the buffer catches up with a write address 
of said reception section into the buffer; and 

an error notification section for notifying the host of 
occurrence of the underrun error to cause the host to 
resend the data under a condition where the underrun 
error is harder to occur when the underrun error is 
detected. 

11. A page printer according to claim 10, wherein when 
detecting the underrun error, said error detection section 
saves information indicating occurrence of the underrun 
error in said memory, and wherein, upon reception of a 
request from the host, said error notification section trans- 
mits the information in said memory to the host. 

12. A page printer comprising: 
memory containing a buffer; 

an image output section for forming an image based on 
data and outputting the image; 

a reception section for writing data received from a host 
into the buffer; 

a transfer section for transferring the data in the buffer to 
said image output section; and 

an available buffer capacity notification section for noti- 
fying the host of information concerning an available 
capacity of the buffer to cause the host to transmit data 
of a size that can be received at said printer. 

13. A page printer according to claim 12, wherein, when- 
ever the host attempts to start transmitting data in a prede- 
termined unit, said available buffer capacity notification 
section notifies the host of information concerning the 
available capacity of the buffer before the host actually starts 
transmitting the data. 

14. A page printer comprising: 
a memory containing a buffer; 

an image output section for forming an image based on 

data and outputting the image; 
a reception DMA section for receiving data in a reception 

data size unit from a host and writing the data into the 

buffer by DMA; 
a transfer DMA section for transferring the data in the 

buffer to said image output section in a transfer data 

size unit by DMA, the reception data size unit being the 

same as the transfer data size unit; and 
a control section for controlling said reception DMA 

section and said transfer DMA section, said control 

section comprising: 

an error detection section for checking whether or not 
an underrun error occurs based on a transfer DMA 
start address of said transfer DMA section and a 
current reception DMA address of said reception 
DMA section whenever said transfer DMA section 
attempts to start data transfer in the transfer data size 
unit; and 

an error notification section for notifying the host of 
occurrence of the underrun error if the underrun error 
is detected. 
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15. A page print system comprising: 
a host; and 

a page printer for printing data transmitted from said host 
in page units, said page printer comprising: 
a memory containing a buffer; 5 
an image output section for forming an image based on 

the da la and outputting the image; 
a reception section for writing data received from said 

host into the buffer, 
a transfer section for transferring the data in the buffer 10 

to said image output section; and 
a control section for controlling said reception section 

and said transfer section, 
wherein said control section permits said transfer section 15 
to transfer the page of data after at least a part as much 
as a predetermined amount P, of one page of data from 
said host is stored in the buffer, and 
wherein the predetermined amount P is equal to or less 
than a buffer size and is set before said transfer section 20 
is permitted to transfer data so that a predicted point in 
time at which said transfer section will complete trans- 
ferring of all of one page of data from the buffer 
becomes later than a predicted point in time at which 
said reception section will complete writing of all of the 25 
page of data into the buffer. 

16. A page print system comprising: 
a host; and 

a page printer for printing data transmitted from said host 
in page units, said page printer comprising: 30 
a memory containing a buffer; 
an image output section for forming an image based on 

the data and outputting the image; 
a reception section for writing data received from said 

host into the buffer, 35 
a transfer section for transferring the data in the buffer 

to said image output section; and 
a control section for controlling said reception section 

and said transfer section, 
wherein said control section permits said transfer section 40 
to transfer the data in the buffer at a predetermined start 
timing and the start timing is set variably in response to 
a parameter affecting an increase or decrease in the data 
in the buffer. 

17. A page print system comprising: 45 
a host; and 

a page printer for printing data transmitted from said host 
in page units, said page printer comprising: 
a memory containing a buffer; 50 
an image output section for forming an image based on 

the data and outputting the image; 
a reception section for writing data received from said 

host into the buffer; 
a transfer section for transferring the data in the buffer 55 

to said image output section; 
an error detection section for detecting an underrun 

error caused by a fact that a read address of said 

transfer section from the buffer catches up with a 

write address of said reception section into the ^ 

buffer; and 

an error notification section for notifying said host of 
occurrence of the underrun error, 
wherein, when said host is notified of occurrence of the 
underrun error from said page printer, said host resends 65 
the data to said page printer under a condition where the 
underrun error is harder to occur. 
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18. A page print system comprising: 
a host; and 

a page printer for printing data transmitted from said host 
in page units, said page printer comprising: 
a memory containing a buffer; 
an image output section for forming an image based on 

the data and outputting the image; 
a reception section for writing data received from said 

host into the buffer; 
a transfer section for transferring the data in the buffer 

to said image output section; and 
an available buffer capacity notification section for 

notifying said host of information concerning an 

available capacity of the buffer, 
wherein said host transmits data of a size that can be 
received at said page printer based on a notification 
from said page printer. 

19. A page print system comprising: 
a host; and 

a page printer for printing data transmitted from said host 
in page units, said page printer comprising: 
a memory containing a buffer; 

an image output section for forming an image based on 
the data and outputting the image; 

a reception DMA section for receiving data in a recep- 
tion data size unit from said host and writing the data 
into the buffer by DMA; 

a transfer DMA section for transferring the data in the 
buffer to said image output section in a transfer data 
size unit by DMA, the reception data size unit being 
the same as the transfer data size unit; and 

a control section for controlling said reception DMA 
section and said transfer DMA section, said control 
section comprising: 

an error detection section checks whether or not an 
underrun error occurs based on a transfer DMA 
start address of said transfer DMA section and a 
current reception DMA address of said reception 
DMAsection whenever said transfer DM Asection 
attempts to start data transfer in the transfer data 
size unit; and 

an error notification section for notifying said host of 
occurrence of the underrun error if the underrun 
error is detected. 

20. A page printer host for transmitting data in page units 
to a page printer adapted to temporarily store received data 
in a buffer and then transfer the data from the buffer to an 
image output section, said host comprising: 

start timing specification means for determining a start 
timing at which transfer of each page of data in the 
buffer is to be started variably in response to a param- 
eter affecting an increase or decrease in the data in the 
buffer and specifying the determined start timing for 
the page printer. 

21. A computer- readable recording medium holding a 
program for causing a computer to function as a host for 
transmitting data in page units to a page printer adapted to 
temporarily store received data in a buffer and then transfer 
the data from the buffer to an image output section, wherein 
the host comprises start timing specification means for 
determining a start timing at which transfer of each page of 
data in the buffer is to be started variably in response to a 
parameter affecting an increase or decrease in the data in the 
buffer and specifying the determined start timing for the 
page printer. 
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22. A page printer host for transmitting data in page units 
to a page printer adapted to temporarily store received data 
in a buffer and then transfer the data from the buffer to an 
image output section for outputting an image, said host 
comprising: 

data resending means for dropping a resolution of an 
image to lessen a total size of the data and resending the 
data having a less size to the page printer upon recep- 
tion of a notification from the page printer indicating 
detection of an underrun error, wherein said undemin 
error is caused when a read address of data transfer 
from the buffer catches up with a write address of data 
storage into the buffer of the page printer. 
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23. A computer-readable recording medium holding a 
program for causing a computer to function as a host for 
transmitting data in page units to a page printer adapted to 
temporarily store received data in a buffer and then transfer 
the data from the buffer to an image output section, wherein 
the host comprises data resending means for resending the 
data to the page printer under a condition where an underrun 
error is harder to occur upon reception of notification 
indicating detection of an underrun error caused by a fact 
that a read address of data transfer from the buffer catches 
' up with a write address of data storage into the buffer from 
the page printer. 

***** 



09/01/2004, EAST Version: 1.4.1 



UNITED STATES PATENT AND TRADEMARK OFFICE 



CERTIFICATE OF CORRECTION 



PATENT NO. 
DATED 



6,665,088 Bl 
December 16, 2003 



Page 1 of 1 



INVENTOR(S) : Noriyoshi Chiba et al. 



It is certified that error appears in the above-identified patent and that said Letters Patent is 
hereby corrected as shown below: 



Title page. 

Item [30], Foreign Application Priority Data, please delete "May 5, 1999 (JP)" and 
insert - April 5, 1999 (JP) -- 



Signed and Sealed this 



Thirteenth Day of July, 2004 




JON W. DUD AS 
Acting Director of the United States Patent and Trademark Office 



09/01/2004, EAST Version: 1.4.1 



